It is argued that the prevailing definition of quasicrystals, requiring them to contain an axis of symmetry that is forbidden in periodic crystals, is inadequate. This definition is too restrictive in that it excludes an important and interesting collection of structures that exhibit all the well-known properties of quasicrystals without possessing any forbidden symmetries.
Introduction
a decision has to be made as to which should define the term crystal. The International Union of Crystallography through its Commission on Aperiodic Crystals 7 decided on the latter, but
was not ready to give precise microscopic descriptions of all the ways in which order can be achieved. Clearly, periodicity is one way of achieving order, quasiperiodicity as in Penrose-like tilings is another, but can we be certain that there are no other ways that have not yet been impose unnecessary constraints until a better understanding of crystallinity emerges. We need not worry about this vagueness here, because we shall only be concerned with quasiperiodic crystals, which are a well defined subcategory of structures, satisfying the new definition.
What is a quasiperiodic crystal?
Solids whose density functions ρ(r) may be expanded as a superposition of a countable number of plane waves 
The quasicrystallographic restriction
Certain classes of quasiperiodic crystals were known long before Shechtman's discovery. These are the so-called incommensurately-modulated crystals and incommensurate composite crystals, (or intergrowth compounds). The former consist of a basic (or average) ordered structure that is perturbed periodically (modulated) in space, and the period of the modulation is incommensurate with the underlying spatial periodicities of the basic structure. * The latter are composed of two or more interpenetrating subsystems with mutually incommensurate spa- * We know today of cases where the basic structure itself is already aperiodic.
8,9
tial periodicities. Each subsystem, when viewed independently, is itself a crystal which is incommensurately-modulated due to its interaction with the other subsystems. The diffraction diagrams of these special types of quasiperiodic crystals are characterized by having one or more subsets of main reflections-Bragg peaks that are significantly brighter than the others-describing the basic structures, and weaker peaks, called satellites, arising from the modulations. For more detail see, for example, references 2 and 10.
Incommensurately-modulated and incommensurate composite crystals did not pose any serious challenge to the periodicity paradigm because they could all be viewed as periodic structures that had been slightly modified. Order was still obtained through periodicitythe paradigm remained intact. Shechtman's discovery implied that there exist quasiperiodic crystals for which a description in terms of a modulation of a basic periodic structure or a composition of two or more substructures is either inappropriate or impossible. Due to its forbidden 5-fold symmetry, Shechtman's quasicrystal was clearly not a quasiperiodic modification of a periodic crystal, but rather a crystal which was somehow intrinsically quasiperiodic-a crystal in which order was not achieved by means of periodicity. Shechtman's discovery was able to shatter the old paradigm because it was a clear violation of the crystallographic restriction. The observation of a forbidden symmetry was so pivotal in the discovery of quasicrystals that it became their defining property. The crystallographic restriction was replaced by what may be viewed as a "quasicrystallographic restriction."
It is common practice to reserve the term "quasicrystal" exclusively for those crystals, 
Many examples
Theoretical models of such crystals, that are intrinsically quasiperiodic yet possess no forbidden symmetries, are very easy to construct. In fact, from a theoretical standpoint it should be obvious that there is nothing special about point groups that are incompatible with periodicity. In principle, any method that is used to generate a quasiperiodic tiling with, say, 10-fold symmetry can be used to generate quasiperiodic tilings with, say, 4-fold symmetry.
pictures, beginning with a cat which gradually changes into a dog. The viewers insist that they are still seeing a cat almost to the end, when in fact they looking at a picture of a dog. Another example is in field of non-linear optics, 22 with the aim of achieving third-and fourthharmonic generation in a single crystal. In both of these examples it may be beneficial to make artificial quasicrystals with structures, similar to that of the square Fibonacci tiling. 5 So, what is a quasicrystal?
I suggest that the quasicrystallographic restriction, requiring quasicrystals to possess forbidden symmetries, be officially abandoned. I would like the scientific community to accept the original definition of Levine and Steinhardt 5 whereby the term quasicrystal is simply an abbreviation for quasiperiodic crystal, possibly with the proviso that the term quasicrystal be used only for crystals that are strictly aperiodic (since, as mentioned above, the mathematical definition of quasiperiodicity includes periodicity as a special case).
This paper is part of an ongoing debate on the meaning of crystallinity and the concept of a quasicrystal. Some crystallographers might still be under the impression that if a quasiperiodic crystal does not possess any forbidden symmetry it must be either an incommensurately modulated crystal or an incommensurate composite crystal, and that no other possibility exists. Many crystallographers still impose the "quasicrystallographic restriction" when defining quasicrystals in their publications. It is my firm opinion that these practices and misconceptions should be stopped, not only as a matter of academic preciseness, but more importantly, to make sure that crystallographers who discover new quasicrystals without forbidden symmetries will not hesitate to publish their findings. As we celebrate in these Journal issues the many contributions of David Mermin to science, its teaching,others, 29 a more appropriate title for this article (in the spirit of David Mermin's "Reference
Frame" columns in Physics Today) might have been "What's wrong with these quasicrystals?"
The answer in this case is that nothing is wrong with these quasicrystals-the problem lies with the definition.
This paper is dedicated to David Mermin on the occasion of his first steps towards retirement. I would like to take this opportunity to thank David once again for being such a great teacher and a wonderful collaborator.
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